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EXECUTIVE SUMMARY

S.1.0 BACKGROUND AND PROJECT OBJECTIVES

S.2.0

The State of Floridas Everglades Forever Act (EFA) sets into action a plan for restoring a
significant portion of the remaining two —million acre Everglades ecosystem through a
program of construction projects, research and regulation. The EFA outlines plans to
reduce the phosphorus content of stormwaters and canal surface waters by
implementing a program of best management practices (BMPs) coupled with the
development of a series of stormwater treatment areas (STASs), which are currently
deemed the best available technology for achieving established water quality goals.

The EFA also requires detailed assessment of additional treatment and management
techniques to supplement or even potentially replace the STAs. Microfiltration (MF)
was identified as a candidate supplemental technology based upon the results of
preliminary bench scale testing conducted on representative EAA stormwaters during
1993. Due to the promising results of this initial test program, The US EPA , the South
Florida Water Management District (SFWMD) and the Sugar Cane Growers Cooperative
of Florida provided funding for additional and more extensive testing of Microfiltration
technology to be conducted on representative post STA and BMP stormwaters using
pilot scale MF test units.

The Microfiltration Demonstration Project, conducted by Conestoga — Rovers and
Associates, was the initial supplemental technology to be field tested as part of the EFA
defined Superior Technology Demonstration Program.

The original project objectives included the demonstration, on-site and over a one — year
period, of the effectiveness of an innovative best management practice consisting of a
stormwater detention basin followed by microfiltration treatment for reducing total
phosphorus loading in runoff from the Everglades Agricultural Area (EAA). The project
was ultimately carried out at the Everglades Nutrient Removal Project site with the
overall technical objectives of longer term and larger scale feasibility testing of the MF
technology and evaluation of the performance of MF under variable flow rates and
influent phosphorous concentrations.

OVERVIEW OF MF TECHNOLOGY AND ESTABLISHMENT
OF FIELD OPERATIONS

S.21 MF TECHNOLOGY

The microfiltration process is a membrane solids separation technique capable of
removing particles and suspended solids ranging in diameter from 0.04 to 20 microns.
MF membranes can typically remove large macromolecular materials, such as humic
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acids and clays, and is also effective at filtering out most bacteria and algae. Low
molecular weight compounds and common cations and anions (e.g., sodium, chloride,
sulfate, etc.) are not removed and pass directly through the membrane.

Two distinct flow configurations are commonly employed for MF systems including the
cross —flow with concentrate recycle (CFCR) and the dead —end flow system. All
incoming feedwaters are filtered through the dead —end process and periodic
backwashing removes solids that have accumulated on the membrane. The majority of
the feed waters are filtered through the CFCR system but a portion is removed directly
from the process tank to control solids build — up. Backwashing occurs in the CFCR
systems as well but usually is of shorter duration and generates smaller amounts of
backwash waters as compared to the dead —end system.

During the timeframe in which the MF supplemental project work plan was being
developed, the Memtech America Corporation and Zenon Environmental Inc., were
among the leaders in North America in the development of full - scale commercial
applications of MF treatment technologies. In addition, both of these organizations had
fully automated pilot units available for use. Based upon these factors, the Memtech
and Zenon MF pilot units were selected for testing on the Demonstration Project.

The Memtech Pilot Unit, the Memcor 6M 10C, uses 0.2 micron pore size organic
membranes and is classified as a dead — end MF system. The Memcor unit consists of 6
bundled membranes possessing a total of 968 square feet of membrane filter area. The
nominal flow rate through the unit ranges from roughly 35 to 50 gallons per minute

(gpm).

The Zenon Pilot unit uses a 0.1 micron pore size organic membrane and is considered a
CFCR MF system. A total of 450 square feet of membrane surface area is contained in 3
“‘cassettes” of bundled fibers that are suspended into a process feedwater tank. The
nominal flow rate through the Zenon unit ranges from 8.5 to 10 gpm.

S.2.2 ESTABLISHMENT OF PILOT UNIT

During late September and early October, 1996, The Memcor pilot unit was installed in a
14 by 32 foot field trailer and was transported to the Everglades Nutrient Removal
(ENR) Project. With the assistance of SFWMD personnel, establishment of ENR post
BMP and post STA field trailer locations were determined. Representative locations
were identified in close proximity to the G —250 (ENR influent/post BMP) and G — 251
(ENR effluent/post STA) pump stations, respectively.

Plumbing and electrical connections were completed during the first week in October
and the pilot unit was ready for initial operation on October 8, 1996. Feedwater for the
pilot unit was drawn from the center of the ENR canal at a depth of approximately two
feet below the surface. An intake structure consisting of a Styrofoam float and a
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S.3.0

cable/pulley system was used to suspend the intake hose in the canal center. After
passing through a coarse screen that removed any coarse pieces of solids from the feed
stream, the surface waters were discharged into a 500-gallon equalization tank. During
MF testing, the equalization tank was continuously being recharged with canal water in
order to ensure fresh, representative sources of influent feed stream were always
available for testing.

Coagulant addition was accomplished by preparing appropriate concentrations of
chemical stock solutions in 30 gallon capacity day tanks. Chemical metering pumps
were used to feed coagulant into the MF unit feed stream. Ferric chloride, alum and
polyaluminum chloride were all used at various times during the testing program to
determine their relative effectiveness.

Solids generated by the backwash process were collected in above ground 2500 gallon
plastic tanks. The solids were allowed to settle in these tanks and the supernatant
overflowed and was returned to the ENR. Solids were retained for longer periods of
time to assess their settling properties and until they could be chemically characterized.
Disposal of solids occurred only after a full TCLP analysis was conducted to ensure they
contained no defined hazardous substances.

The pilot unit was operated for more than 11 months from October of 1996 through the
first part of September, 1997. The Memcor and Zenon MF units were operated side by
side from March (when the Zenon unit was installed in the pilot trailer) through
September, 1997. During the 11 month testing period, the trailer unit was alternately
located at the ENR influent and effluent locations in order to assess the effectiveness of
MF treatment on post BMP and post STA waters. Dry and wet season testing at the ENR
influent station was also conducted.

Testing protocols included varying MF feed flow rates, assessing different
concentrations of select chemical coagulants, and altering process control parameters
such as backwash rate, solids bleed rates and rates of aeration. The primary operations
objective for the pilot study was to determine the lowest chemical coagulant dose
coupled with the optimal combination of MF operating conditions (i.e., GFD, backwash
frequency, etc.) yielding total phosphorus concentrations of 0.01 mg/I (as P) or less.

MF STUDY RESULTS

A total of 2965 hours of operation was logged for the Memcor unit and 2084 hours for
the Zenon facility during the entire field-testing program. After the initial start —up
phase, both pilot units were operated continuously, 24 hours per day, for extended time
periods. Both pilot units were operated during periods of active ENR pumping and also
during stagnant, no pumping conditions. Full-scale treatment system would operate not
only during heavy rainfall and surface water pumping events but also would treat
surface waters stored for long periods in retention or equalization basins. Obtaining
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data and operating the pilot unit during stagnant canal conditions provided a somewhat
different profile of feedwater characteristics than is normally presented by the SFWMD
ENR summary data. The SFWMD collects and reports ENR results on samples obtained
only during influent or effluent pumping events for their ENR 002 and 012 stations,
respectively.

More than 7200 analytical data points were obtained during the pilot unit investigations.
Of these data, less than 0.3 % were determined to be data outliers and were not used in
developing conclusions or assessing the MF technology. Statistical assessments of the
data included calculations of arithmetic means, standard deviations and analysis of
variance comparing respective influent and effluent data sets.

S.31 PHOSPHORUS REMOVAL RESULTS

S.311 POST BMP RESULTS

On post BMP feedwaters containing greater than 50 ppb of total phosphorus as P,
microfiltration, without chemical addition, removed between 60 to 80 % of the total P.
Average total phosphorus feed versus Memcor and Zenon filtrate results are provided

below:

Feed Total P Zenon Filtrate Memcor Filtrate
(mg/l as P) (mg/l as P) (mg/l as P)
0.081 0.017 0.033

MF treatment coupled with coagulants produced the following average results on post

BMP feedwaters:

Coagulant Type/ Dose Zenon Filtrate P Memcor Filtrate P
(mg/l as P) % Removal (mg/l as P)% Removal

Ferric Chloride

(8to 9 mg/l as Fe) 0.007 83% 0.005 88%

Alum

(9 mg/l as Al) 0.011 80% 0.008 79%

Polyaluminum Chloride

(8 mg/l as Al) 0.012 86% 0.010 88%
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S.3.1.2 POST STA RESULTS

During post STA investigations when no coagulant was being fed, microfiltration alone
removed on average roughly 45 to 55 % of the feed total phosphorus concentration. The
Zenon unit produced an average filtrate concentration of 0.013 mg/I as P and the
Memcor produced an average concentration of 0.011 mg/I using MF alone with no
chemical addition. Average total P in the feedwaters during these trials was 0.024 mg/|
asP.

MF treatment coupled with coagulants produced the following average results on post
STA feedwaters:

Coagulant Type/Dose Zenon Filtrate P Memcor Filtrate P
(mg/las P) % P (mg/las P) % P

Ferric Chloride

(2-4 mg/1 as Fe) 0.008 60% 0.010 50%

Alum

(2-4 mg/1 as Al) 0.011 48% 0.010 58%

Phosphorus removals were plotted against select ferric chloride and alum coagulant
dosages and a linear regression analysis of the data produced relatively high (greater
than 0.8) correlation coefficients. As a general guide, a dose of 3 mg/| of Fe or Al
removes approximately 0.029 mg/| of phosphorus and a dose of 7 mg/l removes
approximately 0.055 to 0.060 mg/| of phosphorus.

S.3.2 ADDITIONAL ANALYTICAL RESULTS

Periodic analyses were conducted on feedwater and Memcor/Zenon filtrates for
numerous additional analytical parameters. Analyses of variance were performed on
the feed compared to filtrate data to determine if there were statistically significant
differences at the 95 % confidence interval. The results of these analyses indicated no
significant differences between feed and filtrate results for the following analytes:

POST BMP WATERS

MEMCOR ZENON

Color Color

Alkalinity Alkalinity

Total Dissolved Solids Total Dissolved Solids
Kjeldahl Nitrogen Kjeldahl Nitrogen
Ammonia Ammonia
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Nitrate Nitrate/Nitrite

Nitrite Total Organic Carbon
Sodium Sodium

Zinc Zinc

Calcium Calcium and Magnesium
Copper Copper

Magnesium Manganese

Mercury Mercury

Molybdenum Molybdenum
Potassium Potassium

Ametryn Ametryn

Atrazine Atrazine

24-D 24-D

Total Solids Total Suspended Solids
Reactive Silica Total Solids

POST STA WATERS

Memcor

Total Solids
Suspended Solids
Total Organic Carbon
Color

Alkalinity

Total Dissolved Solids
Reactive Silica

Reactive Silica

Zenon

Total Solids
Suspended Solids
Total Organic Carbon
Color

Alkalinity

Total Dissolved Solids
Reactive Silica

Sodium Sodium

Zinc Zinc

Calcium Calcium
Magnesium Magnesium
Mercury Mercury
Molybdenum Molybdenum
Potassium Potassium
Ametryn Ametryn
Atrazine Atrazine

Low level Mercury analyses were collected by SFWMD personnel during the field
studies on feed water and Memcor and Zenon filtrate samples. The average results of
these total mercury analyses in the feed waters was equal to 1.37 nanograms per liter
and 0.98 and 1.29 nanograms per liter in the Memcor and Zenon filtrates, respectively.

Bioassay and algal growth potential (AGP) testing were also performed on the Memcor
unit MF feed and filtrate samples periodically during the period of March 24, 1997
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S.4.0

through August 18, 1997. The total phosphorus concentrations were too low to
determine any meaningful AGP trends or relationships and 11 out of 12 bioassay test
results showed no sustained observed effect when comparing the Memcor filtrate results
to the corresponding influent samples.

During periods of Ferric Chloride coagulant addition, the average feed and permeate
concentrations for Iron and Chloride were as follows:

Feed! Average Permeate
Concentrations Concentrations
(mg/l) (mg/l)
Iron Chloride Iron Chloride
ENR Influent Memcor Zenon Memcor Zenon
Station 0.093 157 0.260 0.83 177 204
ENR Effluent 0.025 170 0.038 0.070 167 175

Station

During periods of Alum (Aluminum Sulfate) addition, the average feed and permeate
concentration for Aluminum and Sulfate follows:

Feed! Average Permeate
Concentrations Concentrations
(mg/l) (mg/l)
Aluminum Sulfate Aluminum Sulfate
ENR Influent Memcor Zenon Memcor Zenon
Station 0.10 87 031 0.86 117 134
ENR Effluent 0.10 50 0.36 0.97 62 64

Station
The above results show that MF coupled with Ferric Chloride can marginally increase

treated permeate iron and chloride levels, whereas MF coupled with alum addition can
marginally increase permeate aluminum and sulfate levels.

VENDOR PROCESS RECOMMENDATIONS

Complete summaries of all operating data collected during the MF field investigations
were submitted to Memcor and Zenon for review and analysis. Both organizations have
developed proprietary computer programs to evaluate process control data such as flow
rates, backwash frequencies, coagulant chemical doses, etc, in order to develop optimal

1 Represents native concentration at sampling point upstream of coagulant addition.
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S.5.0

combinations of process variables to be used in developing full scale designs. Resulting
design recommendations for full-scale applications obtained from the MF vendors are
summarized below:

Parameter Memcor Zenon
Flux Rate, GFD: 40 40
Chemical Cleaning Solution Citric Acid Citric Acid
Backwash Frequency 0.33 hours 0.125 hour
Frequency of Chemical Cleaning 14 days 14 days

FULL-SCALE MICROFILTRATION APPLICATION

Using the average plus two standard deviations of the STA 2 design flow and
phosphorus data for the 10 - year baseline period of record, conceptual designs were
developed for full-scale Microfiltration systems for both post STA and post BMP
scenarios.

The post BMP facility was designed to treat an average flow of 200 million gallons per
day and using an average ferric chloride dose 8 mg/| as Fe, the filtrate phosphorus
concentration from the system would be equal to 0.01 mg/| as P. A 3,500-acre flow
equalization basin was included in the design to accommodate the wide fluctuations in
feed water flow.

The full-scale post STA MF treatment facility was designed to handle an average daily
flow of 175 million gallons per day and an average dose of ferric chloride of 3mg/| as Fe
would be needed to routinely produce an effluent containing 0.01 mg/Il as P. It was
assumed that flow equalization would be accomplished in the STA itself by increasing
the designed water depth of the STA by a maximum of 2 feet (providing an additional
12,860 acre feet of water storage in the STA). The average increase in STA 2 water
elevation would be 7.2 inches.

Both the post STA and BMP designs assume that approximately 10 % of the influent
phosphorus mass would not be treated to a concentration of 0.01 mg/| as P during
extreme peaks in flow. During these time periods, the Post BMP average blended and
treated discharge concentration was calculated to be 0.055 mg/l as P. The Post STA
average blended and treated discharge concentration would be 0.028 mg/1 as P during
the peak flow periods. The remaining 90 % of the phosphorus mass into the MF
treatment system would be treated to yield a blended effluent concentration of equal to
or less than 0.01 mg/I as P.
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S.6.0

S.7.0

FULL SCALE MF TREATMENT SYSTEM COST ESTIMATES

The 50 year present worth calculations were performed on the estimated capital and
operating and maintenance costs for both the full scale post BMP and STA Memcor and
Zenon conceptual designs. Estimates of the 50 — year present worth for costs full scale
MF treatment systems are summarized below

POST BMP (200 MGD) POST STA (175 MGD)
MEMCOR ZENON MEMCOR ZENON
50 — YEAR
PRESENT
WORTH (PW)
(% in Millions): 553.2 497.5 307.8 258.7
50 - YEAR PW
($/Million
Gallons
Treated): 196.9 177 136.8 115

CONCLUSIONS

Based on the results of this one-year demonstration project, the following conclusions
have been made:

1. Chemical treatment (Al or Fe) followed by MF is capable of removing total
phosphorus down to 0.01 mg/l (as P) for both post BMP and STA waters.
Chemical dosages required for post BMP and STA waters range from 8 to 10 and
3to 4 mg/l as Fe or Al, respectively.

2. There were no appreciable observed differences in the ability of the two pilot
units tested (Memcor and Zenon) to remove phosphorus from the surface waters.

3. The estimated 50-year present costs for full-scale Zenon based MF system were
nominally lower than an equivalent Mencor based system.  However,
considering the order of magnitude nature of the cost estimates, these differences
are not considered to be substantial.

4. Bioassay and algal growth potential studies conducted on Memcor MF feed and
filter samples demonstrated no sustained adverse impact on receiving surface
waters.

5. Even though ferric chloride and alum phosphorus removal rates were

approximately the same, ferric salts would be preferred for use in full scale
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applications due to their apparent ability to extend MF run times and also
because of recent environmental perceptions related to the use of aluminum.

Since the post BMP MF scenario requires an up-front equalization basis
approximating the size of an STA, it is unlikely that full-scale application of MF
to treating BMP water to effluent total phosphorus level of 10 ng/L would be
cost effective.

Membrane technology (microfiltration or ultrafiltration) has excellent potential to
be an integral part of a coupled STA-low chemical dosing — membrane system
particularly when considering higher Phase 2 (i.e., 20 — 30 ppb) effluent total P
targets and potential water supply considerations.

S.8.0 RECOMMENDATIONS

Membrane filtration is an emerging technology and equipment capital costs
continue to decline as more membrane facilities are being built. For example,
Memtech Corporation has indicated that the quantity total membranes produced
by them has doubled during each of the last 2 years. As additional
supplemental technologies (i.e., SAV-limerock, PASTA, etc.) studies are
completed, MF capital costs should be revisited and recalculated to ensure up to
date cost comparisons are being made.

Any full scale treatment facilities (such as MF or direct filtration) should
incorporate the ability to conduct real time, on-site phosphorus analysis. Such
real time analyses will result in increased treatment efficiencies and lower
chemical costs.

Recent advances in ultrafiltration technology have ostensibly made it a stronger
competitor to microfiltration. Preliminary promising information suggests that
under conditions somewhat similar to the EAA, ultrafiltration applications could
reduce phosphorus concentrations to less than 0.01 mg/I as P without the use of
chemical coagulants and at feed water pressures only slightly higher than MF.
Small scale investigations should be carried out using ultrafiltration, without
chemical addition, on post STA water to determine the technology’
effectiveness.

If the small scale ultrafiltration tests show promise, a demonstration project
should be established at the ENR test cells for an extended time period to
evaluate the overall efficacy of the technology particularly in a coupled STA -
low intensity —chemical dosing — membrane system mode.
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1.0

INTRODUCTION

11 BACKGROUND

The State of Florida's Everglades Forever Act (EFA) of 1994 (Chapter 373.4592, Florida
Statutes) sets into action a plan for restoring a significant portion of the remaining
2 million-acre Everglades ecosystem through a program of construction projects,
research and regulation. The general goal of this restoration program is implementation
of comprehensive and innovative solutions related to the issues of water quality, water
guantity and invasion of exotic flora and fauna species.

The EFA outlines a plan to begin restoring the Everglades ecosystem by reducing the
phosphorus in stormwater which enters the ecosystem, improving the quantity and
distribution of freshwater and setting the deadlines to achieve these objectives. The EFA
also states that a combination of stormwater treatment areas (STAs) and Best
Management Practices (BMPs) are currently the best available technology for achieving
the established interim water quality goals.

Even though the EFA establishes STAs and BMPs as the best available technologies, it
also requires the identification of treatment and management methods that are
conceivably superior to STAs in achieving optimum water quality and quantity for the
benefit of the Everglades.  These superior technologies must be sufficiently
demonstrated to establish their technical, economic and environmental feasibility for
basin scale application either as a replacement for or an addition to the STAs.

The Microfiltration Demonstration Project conducted by Conestoga—Rovers & Associates
(CRA) was the initial supplemental technology to be field tested as part of the EFA
defined Superior Technology Demonstration Program. Primary funding for the project
was provided by the EPA - 319 H Grant Program and the South Florida Water
Management District. Additional project funds were provided by the Sugar Cane
Growers Cooperative of Florida and CRA. The Florida Department of Environmental
Protection served as the contracting agency for the Microfiltration Study and CRA
received notice to proceed under FDEP Contract Number WM 640 on July 26, 1996.

This final report summarizes the results of the year-long study and field investigations
which commenced in September of 1996 and were completed at the end of August 1997.
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1.2 PROJECT OBJECTIVES

As stated in the workplan included in Attachment A of the WM 640 Contract, the
original study objectives include the demonstration, on site, and over a 1-year period, of
the effectiveness of an innovative Best Management Practice consisting of a stormwater
detention basin followed by microfiltration treatment for reducing the total phosphorus
loading in runoff from the Everglades Agricultural Area (EAA). The longer term and
large-scale pilot testing/feasibility study of the MF technology at the Everglades
Nutrient Removal Project will be assessed and the evaluation of the performance of the
MF pilot unit under variable flow rates and influent phosphorus concentrations will be
conducted.

As part of the demonstration of the effectiveness of MF, a comparison will be made
between data collected from the study for the parameters and locations noted in the
sampling schedule as a means of determining potential removal or addition of
parameters from the system by MF with chemical addition. Additionally, a comparison
of a surface water influent to, and effluent from, the MF Unit will be made based on the
results of toxicity bioassays and AGP analyses.

13 OVERVIEW OF MICROFILTRATION TECHNOLOGY

Filtration Mechanism

The microfiltration process is a membrane solids separation technique that can be used
to remove particles and suspended solids from a variety of source waters. The
technology is called "micro" filtration because the pore size of the membranes can range
from 0.04 to 20 microns. Figure 1.1 shows the relative pore size of the microfiltration
membrane process compared to those for reverse osmosis, nano and ultrafiltration, and
conventional (i.e., sand) filters commonly wused in water treatment facilities.
Microfiltration membranes can remove large macromolecular materials such as humic
acids and clays from a liquid stream and are also effective at filtering out most bacteria
and algae. Low molecular weight compounds and common inorganic constituents are
typically not removed and pass directly through the membrane. Microfiltration has a
technical advantage over conventional water treatment filtration processes via the ability
to remove particle sizes up to an order of magnitude smaller in diameter. Commercially
available microfiltration membranes are made from a variety of materials including
organic polymers, such as polypropylene, ceramics and metal alloys. Microfiltration
systems are operated at much lower feed pressures than reverse 0smosis or
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ultrafiltration due to the greater effective pore size. Typical feed pressures for MF
systems are in the range of 25 to 35 pounds per square inch (PSI) which are roughly an
order of magnitude lower than those required for reverse osmosis processes.

Microfiltration Productivity

The productivity of microfiltration membranes is usually measured by the amount of
flow that can pass through a unit area of membrane surface and is commonly referred to
as the "flux rate". Flux rates are typically measured in units of gallons of flow per square
foot of membrane per day (gfd). Typical gfd values for organic polymer membranes
range from 25 to 50, or more, depending upon the amount of solids and chemical
composition of the feed streams.

Typical Flow Configurations

Two distinct flow configurations are commonly employed for microfiltration systems:

Cross-flow with concentrate recycle (CFCR); and

Dead-end flow system.

In the CFCR configuration the majority of the feedwater stream passes through the
membrane and is collected as permeate with the remainder of the feed stream being
discharged directly from the system carrying with it solids constituents that have been
trapped by the membranes. The CFCR configuration is also commonly referred to as a
"feed and bleed" process.

The dead-end process filters all of the incoming feedwaters. Accumulated solids are
trapped on the surface of the membrane until backwashing is performed. During
backwashing, accumulated solids are flushed away from the membranes and are
collected for disposal. Backwash volumes typically represent roughly 2 to 5 percent of
the total influent feed stream.

Productivity (Flux) Maintenance and Restoration

As solids are accumulated on the surface of the membranes during the normal filtration
process, the feed pressure slowly increases. The rate of this increase is, in part,
dependent upon the nature and extent of solids contained in the influent stream.
Routine flux restoration (i.e., routine measures taken to reduce the feed pressure) is
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accomplished by backwashing the solids off of the membranes. Solids that are not
readily removed during routine backwashing accumulate to the point that a periodic
chemical cleaning of the membranes may be required. Whereas routine backwashing
events occur several times each hour of membrane filtering, chemical cleaning usually is
required every 2 to 4 weeks of continuous membrane operation. The chemical cleaning
process washes off impacted solids and also removes biological solids and films that
may have attached to the membrane surfaces as well. A variety of chemical cleaning
solutions (i.e., high pH surfactants, low pH acids, chlorine) are available for use.
Selection of the optimal cleaning solution must be empirically determined for each
specific feed stream and is based upon its relative effectiveness at restoring membrane
flux capacity.

14 WORKPLAN ELEMENTS COMPLETED DURING THE PROJECT

The workplan for the Microfiltration Pilot Study identified a total of 18 tasks to be
completed during the 13-month planned study period. The plan called for the
assessment of the microfiltration technology to remove phosphorus from influent and
effluent flows to the Everglades Nutrient Removal (ENR) test facility operated by the
South Florida Water Management District (SFWMD). The ENR is an approximate
3,000-acre prototype constructed wetlands (also commonly referred to as a filter marsh
or a stormwater treatment area) located Northwest of Water Conservation Area 2
(WCA 2). The WCA 2 is also referred to as the Arthur R. Marshall Loxahatchee National
Wildlife Refuge. A location map for the ENR is provided on Figure 1.2.

A total of 6 months of actual pilot unit operation was called for in the work plan with
3 months of testing proposed at the ENR surface water inflow and outflow stations,
respectively. Additional elements in the work plan established dates for periodic
progress meetings with the FDEP and the SFWMD, completion of a background
literature review on microfiltration technology submittal of written progress reports and
the completion of a video production documenting pilot unit operations. Table 1.1
summarizes the 18 elements of the work plan and provides an overview of project
activities completed for each identified task.
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Page 1 of 2

TABLE 1.1

MICROFILTRATION PILOT STUDY WORK PLAN ELEMENTS
COMPARED TO ACTIVITIES COMPLETED

Work Plan Element Outcome
Tasks 1 and 2 Prepare Work Plan | Work plan submitted and signed contract
and Obtain Signed | received on July 26, 1996
Contract
Task 3 Submit  Preliminary | Preliminary literature review submitted on
Literature Review October 17, 1996
Task 4 Conduct Project Meeting held with FDEP and SFWMD
Orientation representatives on October 23, 1996
Meeting
Task 5 Prepare Quality Quality Assurance Plan submitted on
Assurance Plan September 25, 1996. Pending approval
received on January 6, 1997; final approval
received on May 19, 1997
Task 6 Final Literature Review comments received on January 24,
Review Submittal 1997; comments incorporated and final
submitted on March 5, 1997
Task 7 Equipment Memcor Pilot Unit received in South Florida in
Acquisition August — installed at ENR on September 28,
1996, 2 weeks after receiving approval to
locate the facility at ENR. Zenon Unit received
in South Florida in late February
Task 8 Equipment Set-up Memcor unit electrical and plumbing
installation completed on October 8, 1996.
Zenon Unit electrical and plumbing
installation completed on March 12, 1997
Task 9 Start — up and Training on Memcor conducted during
Training October 9 through November 1, 1997.
Training on Zenon conducted from March 12
through March 28, 1997
Task 10 Pilot Unit Operation Aside from periods of down time related to
equipment repair and moving pilot units
between G-250 and G-251 stations, Memcor
unit was operated from October 9, 1996
through August, 1997; Zenon unit was
operated from March 12, 1997 through
August, 1997
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Page 2 of 2

TABLE 1.1

MICROFILTRATION PILOT STUDY WORK PLAN ELEMENTS

COMPARED TO ACTIVITIES COMPLETED

Work Plan Element

Outcome

Task 11 Conduct 2 Field First field day conducted with ETAC members
Days on November 21, 1997. Second field day
completed with SFWMD representatives,
including the Everglades Regulations staff on
February 10, 1997.
Task 12 Video Production Video filming of pilot unit operations,
including sampling protocols, completed.
Video tape editing in process
Task 13 Monthly Data Hard copy project updates submitted on
Submission monthly basis. Entire analytical data base has
been submitted electronically
Task 14 Quarterly Progress | Quarterly progress reports submitted on
Reports March 3, 1997, May 1, 1997 and July 21, 1997
covering first, second and third quarter
activities, respectively
Task 15 Quarterly FDEP Met with FDEP on March 7, 1997, May 13,
Meetings 1997 (FDEP and SFWMD), and September 10,
1997 (FDEP and SFWMD)
Task 16 Annual EPA Report | Subject report to serve as required deliverable
Task 17 Draft Final Report Submitted February, 1998
Task 18 Final Report Subject Report —Submitted May, 1998
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2.0

MICROFILTRATION TECHNOLOGY LITERATURE REVIEW

2.1 DATA SOURCES

CRA's literature search included an extensive on-line computer literature search
(including the use of current Internet search engines) and accessing other references and
data sources listed in various catalogues, databases, indexes, equipment suppliers'
literature, and/or available through Universities of Waterloo , Toronto, and Guelph. In
total, in excess of an estimated 3 million references were accessed. The main keywords
used for the literature search were "microfiltration”, "phosphorus”, "treatment”, "water",
"wastewater”, and "stormwater”. A listing of the data sources accessed in this search is

given below:

Abstracts Period

Water Resources Abstracts 1967-1996 (April)
Environmental Abstracts 1980-1996
Pollution Abstracts 1970-1996
Compendex/Engineering Index Abstracts 1987-1996 (April)
Applied Science and Technology 1994-1996
Chemical Abstracts 1967-1996
Catalogues

Wat Cat

UT Link

UT Resource Multi-media Search
Databases
US EPA

US Federally Funded Research
South Florida Water Management District
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Indexes Period

Purdue University Conferences 1976-1992
American Water Works Assoc. Journal 1991-1996
Journal of Water Pollution Control Federation 1986-1988
Water Pollution Research Journal (Canada) 1993-1995
Effluent and Water Treatment Journal 1984-1985
Applied Science and Technology 1983-1996
Suppliers

Memcor (A Division of Memtec American Corp.)
Zenon Environmental Inc.

Internet Engines

Alta Vista

Yahoo

Open Text

Lycos

Webcrawler

Emily (Electronic Membrane Information Library)

It was determined that there is very little published literature relating to phosphorus
removal using microfiltration, and in general, most of the useful information was found
from non-Internet sources, as most websearches revealed that many of the websites
introduce sources of information in the generic form, and that the quality of the
information is questionable.

2.2 LITERATURE SEARCH FINDINGS

Using the above data sources, CRA located information (study reports) on treatment
technologies utilizing membranes in general, and microfiltration in particular, for the
removal of total phosphorus (TP). The accessed information can be grouped into three
major categories:

@ TP removal from stormwater runoff and drinking water;

2 TP removal from wastewater; and
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3) TP removal from lake water.

Membrane technologies and MF processes are described in general terms below. A brief
description of the identified studies reported in the literature dealing with TP removal
and a summary of the findings for each study are also presented below.

2.2.1 MEMBRANE TECHNOLOGIES

The following general information related to membrane technologies was taken from a
reference authored by Raycheba (1990).

Like conventional filtering systems, membrane technologies operate at room
temperature. Phase changes (such as vaporizing water during a distillation) are not
needed to effect the separation. Consequently, membrane technologies are:

- very energy efficient compared with competing processes, such as distillation,
and

- can be used to effect separations of temperature sensitive products, such as
pharmaceuticals, biological products, and foods.

Membrane processes are generally distinguished by:

- the physical property that forms the basis for selection or rejection of substances
(particle size, charge, or adsorption properties), and

- the driving forces that are used to provide adequate flow of the substances across
the membranes (pressure or electrical potential difference).

Some of the applications for which membrane technologies can provide energy
efficient solutions are:

- separation of oil from waste oil-water mixtures;

- desalination of brackish water,

- concentration (or dewatering) of fruit juices,

- purification of water for use in the electronics industry, and

- reduction of biological oxygen demand (BOD) and chemical oxygen demand
(COD) of process waste streams.
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2.2.2 MEMBRANE TECHNOLOGY ADVANTAGES

The following are some of the main advantages of the membrane technology (Raycheba,
1990).

1. Energy savings:

- energy consumption is low since no phase change is required for processing.
2. Raw-material recovery:

- valuable products can be recovered for re-use or sale, and

- both the concentrate and the permeate streams may be usable.

3. Membrane processes operate at ambient temperatures and are suitable for
processing of heat sensitive products.

4. Reduction of transportation costs:

- removing water from process streams can significantly reduce the volume of
product (concentrate) to be transported.

5. Low floor space requirements for systems.
6. Expansion:

- the modular character of membrane system designs makes it simple to plan a
system to meet present needs, while providing for future expansion.

7. Automation:

- many systems can be instrumented to automatically start, stop, or begin a
cleaning cycle, and

- system controls can be installed to shut down automatically in the case of pH,
pressure, or temperature problems.

8. Low labor intensity and costs:
- many systems require little maintenance, and

- little operator training is required because most of the equipment, such as
pumps, valves, flow meters, pressure, and temperature gauges, are common
for the industry.

9. Environmental regulation:

- membrane technologies can provide waste treatment that meet or exceed
regulatory requirements.
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10. Technology advantage:

- each membrane process has specific capabilities that permit certain
applications which would not be possible otherwise, and

- excellent product quality.
11. Custom systems:

- most systems are engineered for each particular application.
12. Short start-up time:

- many microfiltration, ultrafiltration, and reverse osmosis systems can be
re-started in less than a half hour.

13. Clean-in-place (CIP):

- because of the modularity of membrane systems, it may not be necessary to
shut down the entire system for cleaning.

2.2.3 MEMBRANE TECHNOLOGY DISADVANTAGES

The following are some of the main disadvantages of the membrane technology
(Raycheba, 1990).

1. Fouling:
- all membrane systems experience fouling;
- pre-filtration and other fouling reduction methods are usually necessary, and
- periodic cleaning is needed to restore flux.
2. Limitations imposed by membrane materials:
- chemical compatibility of feed stream and membrane materials, and

- high cost of certain newly developed high performance membranes (ceramic
and metallic).

3. Chemical compatibility:

- process streams must be chemically compatible with membrane and system
construction materials.

224 MICROFILTRATION (MF)

The following are main characteristics particular to the MF system (Raycheba, 1990).
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MF discriminates between particles on the basis of size;
MF uses "loose" membranes, that is, membranes that have relatively large pores;

pore sizes of MF membranes range from 0.05mm to 20 nm (500 to 200,000 A);
membranes with a pore size of 0.45 nm are most commonly used,;

MF uses relatively low applied pressures from 20 to 350 kPa (3 to 50 psi);

MF is used to separate or remove relatively large particles, such as microbes,
bacteria, paint pigments, and macromolecules with molecular weights greater than
about 300,000; and

MF uses a conventional flow path. The input flow is perpendicular to the membrane
surface, and all of the solvent to be processed passes through the membrane.

2.25 TP REMOVAL FROM STORMWATER RUNOFF
AND DRINKING WATER

The information derived for this treatment category was obtained from three main
sources: Conestoga-Rovers & Associates (CRA), Zenon Environment Inc., and a report
prepared by Brown and Caldwvell.

In a paper by Shannon et al. (1995), presented at the Water Environment Federation
(WEF) Conference, results of a MF pilot study performed at the Everglades Agricultural
Area (EAA) are reported. A 2gpm MF pilot unit, using a 0.2 m polypropylene
membrane, was tested at two EAA sites. The results from the pilot work indicated that
MF was capable of producing effluent TP concentrations as low as 0.02mg/L at
relatively low coagulant dosages. In addition, some reductions in color, silica, and
molybdenum were observed. The effluent appeared to be more marsh-ready than the
direct filtration alternative. MF was reported to be cost-competitive with direct filtration
and stormwater treatment areas.

In June 1996 CRA toured a Zenon ZeeWeed installation used for treatment of drinking
water at Rothesay, New Brunswick. The Town of Rothesay has had problems with high
concentrations of iron (5 mg/L) and manganese (0.6 mg/L) in its drinking water supply.
Rothesay draws its water from seven wells between 50 and 90 feet deep located in the
Carpenter Pond area. The wells service roughly 1,350 households. Depending on the
demand, the water usage rate ranges between 240,000 and 480,000 gpd.

6670 (1)

2-6 CONESTOGA-ROVERS & ASSOCIATES



The ZeeWeed system was commissioned in April 1996. The system combines oxidation
(of iron and manganese) with microfiltration using 0.1 m hollow fibre membranes
arranged in specially constructed modules and operated under low pressure vacuum.
To minimize fouling, the ZeeWeed system utilizes an aeration system to provide mixing
and to maintain high flux for scouring the membrane fibres (CRA, 1996). The present
capacity of the treatment system is 0.73 mgd (504 gpm). The system will be capable of
handling future volumes of up to 1.1 mgd (720 gpm). The existing system achieves
non-detectable levels of suspended solids, Giardia, and Cryptosporidium, and iron and
manganese levels of below 0.01 mg/L with minimal sludge production (CRA, 1996). No
phosphorus data were made available.

In another study, PEER Consultants/Brown and Caldwell, in a report prepared in
August 1996 for South Florida Water Management District (SFWMD), presented a
desktop evaluation of alternative TP removal technologies. Chemical treatment
followed by MF was considered and the technology was rated well in terms of TP
removal capability (down to 0.01 mg/L). However, the technology was screened out on
the basis of its anticipated high capital and O&M costs.

2.2.6 TP REMOVAL FROM WASTEWATER

A number of sources containing information on the application of MF technology for
wastewater treatment were identified. A brief summary of the findings of the identified
studies is given below.

Kohl and Lozier (Kohl/Memcor, 1996) used MF technology for pretreating feed waters
to a reverse osmosis (RO) system from the Reedy Creek Improvement District (RCID)
wastewater treatment plant (WWTP).

In this study, Reedy Creek Energy Services (RCES) evaluated membrane processes to
treat advanced wastewater treatment effluent from the Reedy Creek Improvement
District (RCID) Wastewater Treatment Plant (WWTP). The overall treatment objective
was to demonstrate that the proposed treatment processes can produce finished water
that meets Florida Department of Environmental Regulation (FDER)'s discharge
requirements for the shallow groundwater table and eventual discharge to Reedy Creek,
or for other non-potable uses. The treated water has to satisfy FDER nutrient reduction
requirements for surface discharge of 0.04 mg/L total phosphorus (as P) and 1.46 mg/L
total nitrogen (as N) on an average annual basis. To meet these levels, reverse osmosis
(RO) treatment was required.
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To select the most appropriate pretreatment process for RO, in the initial phase, lime
clarification was compared to two types of membrane processes. microfiltration (MF)
and ultrafiltration (UF). Lime clarification is the conventional pretreatment for RO on
secondary effluent, but the procedure involves use of high quantities of chemicals and
generates large quantities of solid residuals. MF and UF are relatively unproven for this
application, but they require less space, generate little, if any, solids, and can produce a
higher-quality RO feedwater.

Bench-scale testing was performed with two MF technologies and one UF technology
and with jar testing of lime on actual RCID WWTP effluent. According to the results
(Kohl, et al., 1992), MF offered the best combination of costs (capital and operating) and
treated water quality. Consequently, two MF technologies, Memcor (manufactured by
Memtec America Corp.) and Membralox (manufactured by U.S. Filter), were evaluated
during the pilot phase for their suitability to provide RO pretreatment for RCID WWTP
effluent.

Pilot testing demonstrated that the proposed process - Memcor MF preceded by alum
addition can successfully provide finished product that meets TP discharge standard for
surface discharge to Reedy Creek of 0.04 mg/L. Furthermore, use of MF to treat effluent
from the RCID WWTP provides a high quality RO feedwater and enables RO
membranes to operate cost effectively. The results indicate that MF appears to be an
effective alternative to the lime clarification traditionally used for RO pretreatment of
secondary effluents.

In this study, it was also shown that the Memcor MF process provides a high -quality RO
feedwater at relatively long operating cycles (between 3 and 5 weeks). It was also
demonstrated that MF membrane fouling can be effectively removed with simple
chemical cleaning.

In an information package published in December 1995, Zenon reported TP removal of
up to 90 percent (from 0.1 mg/L to 0.01 mg/L) using the ZenoGem process which
combines a suspended growth bio-reactor with a MF membrane system.

Another reported application of Zenon's MF technology for municipal wastewater
treatment is the conversion of a 0.1 mgd sequencing batch reactor in Knowlton, N.J. into
a ZeeWeed system, thereby allowing the plant to expand to 0.2 mgd and to provide
advanced nitrogen removal (Waterworld, November 1995). However, the reference
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does not provide any data on the effectiveness of the Zenon system in relation to TP
removal from wastewater.

In a study by Kolega et al. (1991), a Memtec MF unit (0.2 n) was used for the treatment of
secondary and primary treated effluents. The authors reported "significant” reductions
in TP from 14.8 to 3.7 mg/L. The observed TP removals were attributed to the removal
of bacteria which had taken up phosphorus during the biological treatment process and
the particles containing phosphorus.

In another study, Oesterholt and Bult (1993) showed phosphorus removals of up to
90 percent from wastewater using MF. The MF was able to achieve effluent TP levels of
as low as 0.09 mg/L.

In a different study (Zenon, 1990), Zenon Municipal Systems Inc. conducted a field
demonstration study of their Cycle-Let system at the 518 Business Park WWTP in New
Jersey. The field study extended from October 1989 through April 1990. In the
Cycle-Let system, sodium aluminate was introduced into the middle chamber of the
aerobic mixed liquor tank. Insoluble phosphorous was then removed through the
ultrafiltration membrane system.

In this study, the influent phosphorous concentration ranged between 15 and 17 mg/L.
The measured effluent phosphorous levels averaged approximately 0.39 mg/L and
concentrations as low as 0.07 mg/L were achieved during this pilot study.

In another unpublished study conducted in early 1996 (Westbrook Outlet Mall), Zenon

reported TP removals in wastewater from 14.9mg/L to below 0.02 mg/L using
ultrafiltration.

2.2.7 TP REMOVAL FROM LAKE WATER

A limited number of sources containing information on the application of MF
technology for lake water treatment was identified. A brief summary of the findings of
the identified studies is given below.

In a number of references (Dorau and Lopez-Pila, 1994; and GRAI8121, 1979), TP
removal from lake water is attributed to the removal of algae by microfiltration.
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In a study by Nanny et al. (1994) soluble unreactive phosphorus (SUP) recovery rates of
up to 100 percent were achieved from lake water using UF.

2.2.8 CHEMICAL ADDITIVES

Alum and ferric chloride were selected as coagulants to be tested at the current EAA
microfiltration pilot study Site. The following is a summary of the findings of a study by
Fuller and Merrill conducted at the EAA in 1991 (report date 1993) relevant to CRA's MF
pilot test.

Alum was the most effective primary coagulant because it could obtain low TP levels
(7 to 12 mg/L) and low coagulant residuals (0.5 mg/L) at relatively low Al doses, in
the neighbourhood of 6 mg/L (0.22 mM). Also, alum produces less chemical sludge
than iron compounds at the same molar dosage. Iron compounds could not attain
these low TP residuals until higher doses were used (approximately 0.3 mM or
16 mg/L Fe).

If lower TP residuals are needed, or evidence about aluminum toxicity in water or
sludges preclude the use of alum, then iron becomes the favored coagulant.
However, relatively high iron doses (>8 mg/L) will be needed to attain low TP
residuals. Also, iron may be required if runoff waters are highly concentrated in TP
or other coagulant-demanding substances (algae or dissolved organics, for example).

Summary

General information on membrane technologies and MF were summarized. In more
specific terms, it was determined that there is very little published literature relating to
phosphorus removal using microfiltration. However, a number of references, reporting
findings of studies using membrane technologies in general, and microfiltration in
particular, were accessed. The accessed literature reported findings of studies related to
phosphorus removal in stormwater runoff, drinking water, wastewater, and lake water.
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3.0

PILOT STUDY METHODS AND PROCEDURES

3.1 DESCRIPTION OF MEMCOR AND ZENON PILOT UNITS

During the timeframe in which the work plan for the microfiltration demonstration
project was developed, the Memtec America Corporation and Zenon Environmental Inc.
were among the leaders in North America in the development of full-scale commercial
applications of the microfiltration treatment technology. In addition, both of these
organizations had fully automated pilot units available for use. Based upon these
factors, the Memtec and Zenon microfiltration pilot units were selected for testing.
Descriptions of the test facilities provided by these two manufacturers are provided
below.

3.11 DESCRIPTION OF THE MEMCOR PILOT UNIT

The Memtec America Corporation Pilot Unit, the Memcor 6M 10C system, uses a
membrane filter to remove particles greater than approximately 0.2 microns from a feed
stream. The main component of the unit is the filter module. Each module contains
thousands of hollow fiber filtration membranes surrounded by a protective plastic
screen that is sealed at both ends. The 6M 10C unit consists of six filter modules, each
containing 15 square meters (161.4 square feet) of membrane surface area. The total
membrane surface area for the pilot unit is equal to 968 square feet (6 x 161.4).

The Memcor unit is classified as a "dead-end" system with the entire influent flow being
evenly distributed, via a manifold piping system, to the both the top and bottom of all
six modules. The influent feed pump pressurizes the modules to approximately 30 psi
and forces the water through the hollow fiber membranes. The permeate is collected as
it is forced out from the inside of the hollow fibers. Figure 3.1 provides a diagram of the
flow direction through the membrane module during normal filtration.

Filter flux is restored by means of a compressed air backwash system. Figures 3.2
and 3.3 provide diagrams showing flow directions through the membranes during
normal filtration versus backwashing. During the backwash cycle, compressed air at
90 psi is forced into the filtrate side of the membrane, expanding the fibers and forcing
trapped solids away from the membrane surface. Pulses of feedwater then sweep the
solids away from the outer surface of the membranes. The solids and the backwash
waters are then discharged from the system and deposited into a solids storage tank.
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Operation of the Memcor pilot unit is fully automated. Numerous pneumatic and
electrical switches are interconnected within the pilot unit and are managed by the
programmable logic controller (PLC). The PLC automatically cycles the unit between
normal filtration and backwash functions based upon pre-established pressure and/or
timer settings.

Based upon the manufacturer's recommendations, the flow capacity of the Memcor unit
is between 45,000 to 65,000 gallons per day. With a total of 968 square feet of membrane
surface, this equates to a flux rate of between 45 to 67 gallons per square foot per day
(GFD). The manufacturer's recommendation for backwash frequency ranges from every
18 to 30 minutes with approximately 100 gallons of feedwater used for each backwash
event. The resulting total amount of backwash volume produced would be between
4,800 and 8,000 gallons per day representing 7 to 15 percent of the total volume of
influent flow.

Figure 3.4 provides a photograph of the Memcor Pilot Unit housed in the MF field
trailer.

3.1.2 DESCRIPTION OF THE ZENON PILOT UNIT

The Zenon pilot unit uses hollow fibers to remove particles greater than 0.1 micron from
a feed stream. Individual fibers are bound together in a "membrane cassette”, with each
cassette containing a total of 150 square feet of filter membrane surface area. A total of
3 cassettes are housed in the unit resulting in total membrane surface area of 450 square
feet. As shown on Figure 3.5, the membranes are vertically suspended in a 1,400-liter
(370-gallon) feed water tank. Feed water is pumped into the tank and a vacuum pump
system draws the feed water through the membranes producing the filtrate (or
permeate) stream. Using the operation mode recommended by the manufacturer, the
vacuum system draws the permeate stream from both the top and the bottom of the
membrane fibers. Compressed air is continuously pumped into the feed tank within at
rate of between 12 to 18 cubic feet per minute. The aeration keeps solids continuously
mixed within the tank and reduces solids buildup near the surface of the membranes.

The Zenon pilot unit is classified as a "cross—flow with concentrate recycle" or "feed and
bleed" microfiltration system. In this configuration, the majority of the feedwater stream
passes through the membrane and is collected as permeate. The remainder of the feed
stream is discharged directly from the system carrying with it solids constituents that
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have been trapped by the membranes. The total volume of solids discharge water
ranges from 2 to 5 percent of the feed stream volume.

Filter flux is restored by reversing the normal filtration flow regime, forcing permeate
from the inside of the hollow fibers back into the feed water process tank. The
manufacturer's recommendations called for a backwash interval of between 7to
12 minutes with durations of 8 to 10 seconds.

Operation of the Zenon unit is fully automatic. Zenon's system control unit houses the
program logic controller (PLC) which automatically cycles the unit between normal
filtration and backwash functions using pre-established pressure and/or time settings.
A photograph of the Zenon system control unit is shown on Figure 3.6.

Base upon the manufacturer's recommendations, the feed flow rate to the Zenon unit
should be between 12,000 to 17,000 gallons per day. With a total of 450 square feet of
membrane surface area, this equates to a flux rate of between 28 and 38 gallons per
square foot per day (GFD).

3.1.3 COMPARISON SUMMARY OF MEMCOR
VERSUS ZENON PILOT UNITS

A summary comparison of the Memcor and Zenon Pilot Units is provided in Table 3.1.

3.2 PILOT UNIT OPERATING PROCEDURES

3.2.1 LOCATION OF FIELD STATIONS

To assess the ability of the microfiltration technology to remove phosphorus on both
Post-BMP and Post-STA surface waters, two field locations were identified within the
ENR for pilot unit testing. With the assistance of SFWMD personnel, the representative
Post-BMP station was established next to the G-250 influent pump station near the bank
of the ENR feed canal. The Post-STA station was located approximately 150 feet
upstream of the G-251 pump station near the bank of the ENR effluent discharge canal.
Figure 3.7 provides the general location of the two field stations within the ENR
boundaries. Figures 3.8 and 3.9 provide the detailed site plans of the ENR influent and
effluent study sites in relation to the G-250 and G-251 pump stations, respectively.
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TABLE 3.1

SUMMARY COMPARISON OF MEMCOR AND ZENON PILOT UNITS

ITEM

MEMCOR UNIT

ZENON UNIT

RANGE OF NOMINAL FEED
FLOW RATES
(GALLONS/DAY)

45,000 — 65,000

12,000 — 17,000

NOMIMAL FLUX RANGE

(GFD) 45— 67 28-38
SURFACE AREA OF
MEMBRANES (SQUARE FEET) 968 450
MEMBRANE PORE SIZE
(MICRONS) 0.2 0.1
FLOW DEAD — END CROSS-FLOW WITH CONCENTRATE

CONFIGURATION

RECYCLE

BACKWASH METHOD

COMPRESSED AIR WITH
PULSED WATER FLUSH

REVERSE WATER FLOW USING
PERMEATE

BACKWASH VOLUME
PRODUCED ( percent FEED
FLOW)

7 — 15 percent

2 —5 percent

FLOW REGIME THROUGH
SYSTEM

PRESSURE FEED SYSTEM

VACUUM PUMP DRAWS PERMEATE
THROUGH MEMBRANE

MEMBRANE
CONFIGURATION

ENCLOSED IN STEEL VESSELS

SUSPENDED IN FEED TANK

COMPRESSED AIR SUPPLY

USED TO BACKWASH
SYSTEM

USED TO ACHIEVE COMPLETE
MIXING IN FEED TANK




Criteria used in selecting the sites to operate the pilot unit included:

Securing the pilot unit inside the ENR locked gate to reduce chances of vandalism;

Positioning the facility at least 100 feet from the center line of the Water
Conservation Area levee to eliminate easement concerns; and

Making every effort to ensure the intake water for the pilot unit were representative
of typical STA inflow and outflow quality.

During late September and early October 1996, the Memcor pilot unit was installed in
the 14-foot by 32-foot field trailer and moved to the ENR influent location. CRA field
personnel completed the plumbing connections for the Memcor unit in early October.
Power to the pilot unit was derived from the ENR G-250 pump building and all
electrical and water lines were buried in shallow trenches. The MF Pilot Unit was
prepared for initial operation on October 8, 1996.

3.2.2 PILOT UNIT PROCESS DESCRIPTION

The process flow diagram for the microfiltration pilot unit is shown on Figure 3.10. Feed
waters to the pilot unit were obtained from the approximate center of the canal, at a
depth of 2 feet below the water surface. An intake structure consisting of a styrofoam
float and a cable/pulley system was used to suspend the intake hose in the canal center
at the 2-foot depth interval. Feedwaters were drawn from the intake structure by means
of a 75-gallon per minute centrifugal pump located at the canal bank and first passed
through a coarse spiral wound screen with approximate 400 micron slot openings.
Solids retained on this coarse filter were automatically backwashed off the screen at
approximate 2-hour intervals and discharged into the solids storage tank. This coarse
screen unit (Model 713, Eliminator) is manufactured by Fluid Engineering, Erie, PA.

After coarse filtering, the feed water was pumped into a 500-gallon high density
polyethylene (HDPE) equalization tank contained within the field trailer. Feed waters
were pumped into the bottom of the equalization tank and approximately 10 to
20 gallons per minute of excess overflow discharged continuously from the top of the
tank during pilot unit operation. It was felt that this flow regime would provide a
continuous, fresh source of well mixed feed waters to the pilot units. Feed waters then
were pumped from equalization into the respective MF units for filtration.
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Coagulant addition was accomplished by preparing appropriate concentrations of
chemical stocks in 30-gallon capacity day tanks. Nominal stock concentrations of
chemical coagulants were independently confirmed by laboratory analysis to ensure
accuracy of feed dosage rates. Chemical metering pumps were used to meter coagulants
into the feed line for the Memcor unit. A static mixing loop allowed for approximately
15 to 30 seconds of coagulant contact time with the feed waters to the Memcor unit prior
to filtration. For the Zenon unit, chemical coagulants were metered directly into the
1,400-liter process tank containing the Zenon membranes. The continuous aeration of
the process tank provided the required mixing for the added coagulants. The metering
pump flow rates were calibrated by measuring the time required to fill a container of
known volume. Volumes of coagulant fed to each pilot unit were confirmed by
measuring the daily drawdown of each day tank.

Pilot unit feed flow rates were measured by the meters and flow totalizers that were

provided on both the Memcor and Zenon Units. Flow meter accuracy was confirmed
manually by timed measurement of the drawdown rate of the full equalization tank.

3.2.3 SOLIDS MANAGEMENT

Backwash solids produced by both pilot units were pumped to nearby above ground
2,500-gallon HDPE storage tanks. The Zenon and Memcor units had separate, dedicated
solids storage tanks. The solids were allowed to settle to the bottom of the tanks and the
supernatant overflowed the top of the tanks and was returned to the ENR. Solids were
retained for longer periods to assess settling properties and until they could be
chemically characterized. Disposal of solids occurred only after full TCLP analysis was
conducted to ensure they contained no hazardous substances. Arrangements were
made with a licensed sanitary waste disposal organization to collect and dispose of all
non-hazardous solids (2to 4 percent solids content) into the local publicly owned
wastewater treatment facility.

3.24 MEMBRANE CHEMICAL CLEANING PROCEDURES

Cleaning of the membranes was accomplished by preparing the appropriate chemical
solutions (i.e., high pH solution with surfactants, citric acid, and for the Zenon unit only,
sodium hypochlorite) and flushing these solutions through the membranes. The
Memcor unit cleaning was automatically accomplished by initiating a multi-stepped
program that alternated between flushing the cleaning solution through membranes and
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a static soaking cycle. To clean the Zenon unit, the 1,400-liter process tank was drained
and approximately 20 gallons of cleaning solution was then slowly backpumped
through the membranes and collected in the bottom of the process tank. Total time
required for membrane cleaning was on the order of 3to 4 hours. Spent chemical
cleaning solutions were discharged to an onsite holding tank. A licensed waste hauler
was contracted to remove the cleaning solutions off Site for disposal.

3.25 PILOT UNIT DATA COLLECTION

The primary pilot unit operations data obtained and summarized on a routine basis
included:

Item Method/Description

1. Feed flow for both Flow meters and totalizers provided
Memcor and Zenon by vendors on both pilot units

2. Memcor Trans-membrane manually recorded from digital
pressure (TMP) read — out on control panel

3. Zenon permeate vacuum manually recorded from vacuum gauge

4. Coagulant feed rate measured by drawn-down of each chemical

day tank
5. Hours of Operation Hour run meter (Memcor) and manually

recorded for Zenon

6. Backwash and bleed rates Manually recorded based upon unit
automatic settings

7. Solids production rates Manually measured inches of solids
accumulated in respective storage tanks

8. Chemical Cleanings (Types and Recorded chemicals used and cleaning
Frequency) days on summary log sheets

Completed daily log sheets and operational summary forms for both the Memcor and
the Zenon Pilot Units for the entire period of operation are provided in Tables 1
through 4 of the attached Appendix 1 to the report.
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3.2.6 SAMPLING PROTOCOLS AND ANALYTICAL
PARAMETER COVERAGE

Prior to the commencement of pilot unit operations, a project-specific quality assurance
plan was prepared and submitted to the FDEP quality assurance section for review and
approval. This plan described the details of all proposed sampling procedures and
defined all analytical methods to be employed. A review of the sampling and analytical
techniques used during the pilot unit study are summarized below. A copy of the FDEP
approved Quality Assurance Plan is provided in Appendix 2.

Sigma automatic composite samplers were used to obtain total phosphorus samples of
the common influent feed to both pilot units and also the respective Memcor and Zenon
Permeate streams. The autosamplers were programmed to collect 50 milliliters of
sample for every 1-hour of pilot unit operation. These 50 milliliter sample aliquots were
deposited into a clean 3-gallon composite jar located in the base of the autosampler.
Sulfuric acid was added to each composite jar prior to sample collection, to chemically
preserve the samples for total phosphorus analysis. Composite sample jars were
cleaned in accordance with FDEP-approved protocols after collection of each 24-hour
composite sample.

With the exception of pH, dissolved oxygen, and temperature, which require immediate
analysis of simple grab samples, all other water samples were obtained by manually
compositing four equal sized aliquots of sample collected periodically over a 24-hour
period.

Solids and supernatant samples were collected from the solids storage tanks by use of a
long hollow tube with a foot valve at the bottom. After immersing the tube completely
to the bottom of each storage tank, the foot valve was closed, thus trapping the sample
inside the tube. Respective layers of solids and supernatant samples were then bled into
the sample bottles by slowly opening the foot valve. After each use, the tubular
sampling device was cleaned in accordance with approved FDEP protocols, as listed in
the Site-Specific Quality Assurance Plan.

After collection, all samples were immediately stored on ice and were held by the field
technician until the laboratory courier arrived to transport the samples to the laboratory.

Savannah Laboratories of Deerfield Beach was the primary contract laboratory used for
performing analyses during the pilot study investigations. Table 3.2 provides the list of
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TABLE 3.2

ANALYTICAL MONITORING PROGRAM FOR MF PROJECT

Parameter

Total Dissolved Solids
Total Solids

Total Suspended Solids
Total Phosphorus

Total Dissolved Phosphorus
Soluble Reactive Phosphorus
Dissolved Oxygen
Temperature

pH

Color

Total Organic Carbon
Alkalinity

Iron

Conductivity

Sulfate

Reactive Silica

Calcium

Magnesium

Zinc

Molybdenum
Aluminum

Manganese

Chloride

Sodium

Potassium

Mercury

TKN

Ammonia
Nitrate-Nitrite
Ametryn

2,4-D

Atrazine

Toxic Characteristic Leaching
Procedure (TCLP)

Location Code:

EPA
Analytical
Method

160.1
160.3
160.2
365.1
365.1
365.1
Field
Field
Field
110.2
415.1
310.1
6010
120.1
375.4
370.1
6010
6010
6010
6010
6010
6010
325.2
60.0
60.0
7470
351.2
350.1
353.2
8141
8150
8141

Location

1,3,8
1,2,3,8
1,2,3,4,5,8,BT4,BT5
1,2,3,4,5,6,8,BT4,BTS
1,2,3,4,5,6,8,BT4,BTS
1,2,3,4,5,6,8,BT4,BTS
2,3,8
2,3,8
1,2,3,8
1,3,8
1,3,8
1,3,8
1,3,4,5,8
1,3,8
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
2,3,5,8,BTS
1,3,4,5,8,BT4,BT5
1,2,3,4,5,8,BT4,BT5
1,3,4,5,8,BT4,BT5
1,3,8
1,3,8
1,3,8
5

Frequency

Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Three times per week during flow
Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Once per week during flow

Every other week during flow
Every other week during flow
Every other week during flow
Every other week during flow
Every other week during flow
Every other week during flow
Every other week during flow
One composite at end of test period

1 = Pre-Screened Influent; 2 = Screened Influent; 3 =Memcor Effluent,

4 = Memcor Backwash Supernatant; 5 = Memcor Solids; BT4 = Zenon Backwash
Supernatant; BT5 = Zenon Solids; 6 = Spent Chemical Cleaning Solutions; 8 =

Zenon Effluent
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analyses performed by Savannah and also indicates the respective analytical protocols
employed by the lab.

Table 3.2 also provides a listing of the specific analyses performed on the various pilot
unit sample locations. Table 5 in Appendix 1 provides a daily summary of all analyses
performed by Savannah laboratories.

3.2.7 ADDITIONAL TESTING CONDUCTED DURING
THE PILOT STUDY INVESTIGATIONS

3.2.7.1 TRACE LEVEL MERCURY ANALYSES PERFORMED IN
ADDITION TO THE ROUTINE MERCURY TESTS

Routine analyses for mercury, using the standard cold vapor technique with a
0.0002 mg/L reporting limit, were carried out on a routine basis in accordance to the
frequency specified in Table 3.2. In addition to these routine mercury analyses, trace
level total and methyl mercury analyses were also collected periodically during the field
project. These additional mercury samples were collected directly by the South Florida
Water Management District. The SFWMD submitted these analyses to the FDEP
laboratory and Frontier Geoscience Lab to complete the low level mercury tests.

3.2.7.2 BIOTOXICITY AND ALGAL GROWTH
POTENTIAL (AGP) TESTING

Feed and permeate samples were also periodically collected for algal growth potential
(AGP) and biotoxicity testing. All of these samples were collected by the pilot unit field
personnel and submitted to the FDEP biology laboratory in Tallahassee, Florida for
analyses. Three different toxicity tests were performed: 7-day chronic estimator using
bannerfin shiner (Cyprinella leedsi) and the water flea (Ceriodaphnia dubia); and a
96-hour growth test using the unicellular green algae, Selenastrum capricornutum.
Tests were performed following U.S. EPA guidelines but substituting C. leedsi for the
fathead minnow, (Pimephales promelas) (EPA/600/4-91/002). The AGP tests were also
performed following U.S.EPA test protocols (EPA-600/9-78-018). The FDEP report
summarizing their bioassay and AGP results is provided in Appendix 3.
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4.0

MF PILOT STUDY RESULTS AND MAJOR FINDINGS

As previously indicated, the MF pilot unit was operated at both the ENR influent and
effluent locations under a variety of conditions during the field investigation period of
October 1996 through the beginning of September 1997. During part of this time, the
pilot unit was located at the ENR influent location, near the G-250 pump station.
Alternately, the pilot unit was located at the ENR effluent station, near the G-251 pump
station.

The Memcor unit was operated a total of 2,965 hours during this entire time period and
the Zenon unit was operated for of 2,084 hours. The Zenon unit logged less total hours
than the Memcor because it was not installed into the field trailer until March 21, 1997.
A summary of the specific conditions that the Zenon and Memcor units were operated
under during the field investigations are provided in Table 4.1.

During the experimental trials, varying doses of ferric chloride, alum and polyaluminum
chloride were added to the pilot unit feed stream to determine the lowest dosage that
would result in an effluent total phosphorus stream of 10 parts per billion.

Backwash frequencies and membrane throughputs (GFDs) were varied to determine

respective settings that would produce the highest membrane yields in conjunction with
the longest uninterrupted run times between flux restoration (i.e., chemical cleaning).

4.1 DATA MANAGEMENT METHODS AND TECHNIQUES

At the onset of the project, two laboratories were contracted for analytical work.
Everglades Laboratory of West Palm Beach was the primary analytical laboratory and
Savannah Laboratory of Deerfield Beach was identified as the back-up lab. On
November 22, 1996, Savannah Laboratory was made the primary laboratory and all
remaining analyses on the study were completed by Savannah. The switch to Savannah
was primarily made because of greater analytical capacity and also due to the fact that
Savannah had more total phosphorus threshold analytical experience. Since the change
in laboratories was made near the onset of the project, there was no adverse impact on
the quality of the data collected. Data from both laboratories was of acceptable quality
and was used in evaluating the MF process.

Analytical data that was received from the laboratory was entered into a spreadsheet
format and summarized on a daily basis. Table5 of Appendix 1 provides all of these
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TABLE 4.1

SUMMARY OF ZENON AND MEMCOR OPERATING CONDITIONS

Target
Target Flow Target Flux Backwash Coagulant Coagulant
Time (GPM) (GFD) Frequency Type Dose
Frame (mg/L)
Memcor | Zenon | Memcor | Zenon Memcor | Zenon
(hrs.) (hrs.)
Oct. 30 — Nov.
21,1996 @ ENR 50 - 80-90 -- 0.3-0.5 - None -
INFLUENT
Jan. 2 — Feb. 14,
1997 @ ENR 45 -- 70-76 -- 0.3-0.5 -- Ferric Chloride | 3—8as Fe
INFLUENT
Mar.21 — Apr.
1,1997 @ ENR 40 10 70 32 0.3 0.2 Ferric Chloride 3as Fe
EFFLUENT
Apr. 1 - Apr.
26, 1997 @ ENR 40 10 50-70 20 0.33 0.17 None -
EFFLUENT
Apr.26 — May 0.125
23,1997 @ ENR 30 9-10 45-50 20-30 | 0.3-0.33 Alum 1-3 as Al
EFFLUENT
June 6 —June
19,1997 @ ENR 30 8-9 48 21-29 0.3 0.125 | Ferric Chloride | 3-5asFe
EFFLUENT
June 26 —July
28,1997 @ ENR 32 8-9 52 20-25 0.33 0.125 | Ferric Chloride | 8-10 as Fe
INFLUENT
July 29-Aug.18,
1997 @ ENR 30-32 8-9 52 25 0.33 0.1 Alum 5-10 as Al
INFLUENT
Aug.18 —Sept.
2,1997 @ ENR 30 9 50 25 0.33 0.1 Polyaluminum 6 as Al
INFLUENT Chloride
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daily spreadsheet summaries. In all, more than 7,270 analytical data points (2,200 more
than required by the contract) were obtained during the pilot unit investigations. Of this
number, 20 data points (less on 0.3 percent of the total) were determined to be outliers
and were not used in developing data summaries or in making conclusions regarding
the MF technology. Each of the 20 outliers has been identified in Table 5 of Appendix 1.
The majority of the outliers were associated with effluent data points that were higher
than the related influent information. A few data points were also eliminated because
they were significantly higher (e.g., 5 to 10 times) than the mean value for the data set.
Statistical analyses performed on analytical data included:

Arithmetic Mean;
Maximum data set value;
Minimum data set value; and

Analysis of Variance (ANOVA) for comparing MF influent versus effluent data.

4.2 PHOSPHORUS FORMS ANALYZED AND SUMMARY RESULTS

Soluble reactive phosphorus (SRP), total dissolved phosphorus TDP) and total
phosphorus (TP) were all analyzed during the pilot investigations on representative
samples of feed waters and MF permeate as well as on generated solids. The definitions
employed by the 19t edition of Standard Methods (APHA, et al.) were used to classify
and analyze the phosphorus forms during the subject investigations. Soluble reactive
phosphorus is defined as all phosphorus that passes through a 0.45 micron filter (field
filtered) which forms a blue colored complex when the colorizing agent is added directly
to a sample, without any further digestion or sample preparation. Total dissolved
phosphorus samples are field filtered (0.45 micron) and subjected to a strong acid
digestion in the laboratory, which is followed by the colorization process. Total
phosphorus samples are collected without field filtration, preserved at the onset with
sulfuric acid to a pH of less than 2, digested with a strong acid solution in the laboratory
and colorized at the end of the procedure.

For all of these phosphorus forms, the intensity of the blue color measured on a
spectrophotometer is proportional to the amount of phosphorus contained in the
respective samples.

The average concentrations of SRP, TDP, and TP observed at the ENR influent and
effluent sampling stations during the MF pilot investigation are provided in Table 4.2.
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TABLE 4.2
AVERAGE CONCENTRATIONS OF THE VARIOUS PHOSPHORUS FORMS
OBSERVED AT THE ENR INFLUENT AND EFFLUENT SAMPLING STATIONS
AVERAGE PHOSPHORUS RESULTS
SAMPLING (mg/L AS P)
LOCATION SRP ( percent TDP ( percent

SRP of Total P) TDP of Total P) TP
ENR Average 0.027 0.021 0.043
INFLUENT Max 0.06 0.045 0.11
(DRY Min 0.011 63 0.009 49 0.003
SEASON; N 12 9 36
10/30/96 TO SD